SUMMARY A simple routine method is described for the quantitation of antiglobulin (rheumatoid factor) in human serum The presence in the serum of autoantibodies reacting with human IgG and at least in part (Normansell, 1971 (Normansell, , 1972 with heterologous IgGs is a characteristic feature of rheumatoid arthritis (RA). Low levels of antiglobulin are commonly found in normal sera, particularly among the older population, and raised levels in certain other diseases, for example, systemic lupus erythematosus.
These antiglobulins may be of the IgM, IgG, and IgA classes (Torrigiani et al., 1970) , present in varying proportions in any one serum. Where IgG predominates, the conventional latex and red cell agglutination tests are usually negative owing to the much lower efficiency of the bivalent IgG antibody in causing agglutination. Since about 20-30% of patients with RA are seronegative by agglutination tests but possess serum antiglobulins it would be of considerable diagnostic value if a rapid and easy routine test were available for the detection and quantitation of all classes of rheumatoid factor (RF) antiglobulins.
The method of Torrigiani et al. (1970) involves absorbing the antiglobulins from the serum with an Received for publication 20 March 1978 insolubilised y-globulin preparation, eluting the absorbed antiglobulins, and measuring the IgG, IgM, and IgA concentrations in the eluate by radial immunodiffusion against gelified specific antisera to each class. Hay et al. (1975) have described a solid phase radioimmunoassay sandwich technique in which plastic tubes are coated with a y-globulin preparation which in turn absorbs the antiglobulins from the serum. The amounts of each class of antiglobulin absorbed are measured in terms of the weights of radiolabelled specific antibody to each class that the tubes will subsequently bind. Alternatively, the total absorbed antiglobulin may be measured using labelled antibody to L-chains only.
Both these methods use a heterologous antigen, but Carson et al. (1977) have described a modifica-Material and methods TEST SERA Sera from patients with definite RA only were used, seropositive and seronegative by latex and/or sheep cell agglutination tests, and from osteoarthritic patients. Fresh normal sera were obtained from a blood bank. All sera were stored at -20'C and not normally used after more than one freezing and thawing. Thawing was carried out by agitation at 37°C to minimise any possible loss of RFcryoglobulins (Marcus and Townes, 1971) . All sera were centrifuged at 2500 g before use.
ANTISERA Rabbit antiserum to human y-globulin was raised following Kwapinsky's (1972) Heat denaturation was carried out on 1 % solutions of y-globulin in 0 075 M phosphate, 0 075 M NaCl buffer pH 7 0 for one hour at 60°C.
Papain digestion followed the method of Porter (1959) ; Fc fragment was separated on a Whatman DE-52 column (Longmire et al., 1971) . The purity of the preparations was checked by immunoelectrophoresis with antisera to whole human y-globulin and its Fab fragment; normally, no more than an occasional trace of Fab fragment impurity was found.
DILUENT
All reagents and solutions for the assay were made in 0-1 M borate buffer pH 8-3-8-5 (borax 9-536 g, boric acid 6-184 g, NaCl 4-384 g, NaN3 0(200 g, made up to 1 litre).
SODIUM DECYL SULPHATE (SDS) This was prepared from decan-1-ol (BDH Ltd) by the method of Dreger et al. (1944) When SDS at concentrations up to 5 x 10-2M was included in the assay system (Table 2A) the maximum effect at differentiating between normal and RA sera without reducing the specific binding was observed at about 5 x 10-5M. In other experiments with a bovine serum albumin anti-bovine serum albumin system this concentration was also shown to have no effect in a quantitative precipitin reaction and not to reduce the intensity of the precipitation lines in an Ouchterlony double diffusion. Table 2B shows the results of an assay on a pool of 50 normal sera and three seronegative RA sera with the inclusion of 5 x 10-5M SDS and without SDS. 
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The results (Fig. 2) show that the heat-denatured human y-globulin yields the best antigen of the three, giving positive results with seven out of 10 and eight out of 10 above normal mean + 2 SD for the RA sera whereas the undenatured human antigen and the horse antigen pick up only four and three out of 10 respectively. The denatured human antigen also gives the lowest normal serum binding of the three (all three antigens possessed the same fluorescein: protein ratio), which is probably the main cause of its greater efficiency since there is no evidence of any conformational changes in the Fc region leading to changes in antigenic specificity when IgG undergoes heat denaturation (Eisenberg, 1976) . It is also noteworthy that the equine antigen with five out of 10 of the seronegative RA sera actually gives a lower binding than the normal mean and is evidently a far inferior antigen.
TEST OF FINALISED ASSAY SYSTEM ON NORMAL AND PATHOLOGICAL SERA Fifty normal, 26 seropositive, and 23 seronegative RA sera and 23 osteoarthritis sera were assayed by the finalised method using Fc* from heat-denatured human y-globulin (Fig. 3) .
Since there is a range of binding values for the normal sera the titres for the pathological sera are expressed as a percentage of the normal mean. A 95% confidence limit can be taken that the serum is abnormal if its titre exceeds the normal mean by twice the SD of the normals (SD calculated as usual for an asymmetric distribution as antilog of SD of mean of logs of individual values).
Both the seropositive and the seronegative groups were significantly different from the normal group. For both groups the median value differed from that of the normals with P less than 0-001 by the Chi-squared test.
On the criterion of a 95% confidence limit of + 2 SD of the normal mean, the seropositive group had 96% above this limit, the seronegative group 60%. The osteoarthritis group had a median value slightly higher than the normals, but only four out of 23 (Mulligan et al., 1966) and that all the bound labelled antigen be precipitated. The second criterion appears to be satisfied at 7-5 % at the extrapolation value of infinite excess Fc*, the ratios of RA serum binding to normal serum binding are found to be 1P80 (at 250 pug) and 1-89 (at infinite excess); 2 SD for the normal serum was 0Q28. The intercepts on the reciprocal of free Fc* axis, equal to K/total IgG concentration, are -166 and -160, which with the total IgG concentrations (determined with a commercial radial immunodiffusion kit) of 10 and 13 mg per ml respectively give values of K of 1 10 (normal) and 1 39 (rheumatoid). This difference is probably not significant; the results indicate that the association constants of the antiglobulin with the labelled Fc preparation and with normal IgG are very similar. That with Fc* may actually be slightly the greater.
Discussion
The detection and measurement of serum antiglobulins is rendered difficult by the presence in the serum of the homologous antigen, IgG. Previous approaches to the problem have involved separation of the antiglobulins by an immobilised. usually The modification of this method described by Carson et al. (1977) A similar method has been described by Bianco et al. (1971 Bianco et al. ( , 1974 the absorbent, but in the 1971 paper this was applied to juvenile rheumatoid arthritis only, where the immunopathology is different from that of the adult disease, and in the 1974 paper, which included studies on seropositive and seronegative adult RA cases in addition, the experimental method precluded the obtaining of absolute values. The presently described method is not subject to the inherent inaccuracies of either the absorption, elution, and radial immunodiffusion method of Torrigiani et al. (1970) or the solid phase radioimmunoassay of Hay et al. (1975) , as discussed by Carson et al. (1977) , since it uses human Fc fragment as a direct competitor with the IgG of the serum for the antiglobulin combining sites. In earlier experiments the Fc was labelled with radioiodine; a number of earlier investigators have shown that iodine-labelled Fc reacts with serum antiglobulins and competes with intact IgG. In our experiments, iodine labelling and fluorescein labelling gave essentially the same results, but the fluorescein label is to be preferred owing to its permanence and easier measurement.
In any method of antibody measurement based on precipitation of bound antigen, as in Farr's (1958) original method, there is always some nonspecific co-precipitation of the antigen, which leads to relatively high and variable binding by normal sera. This is particularly so in the present method since normal sera contain small concentrations of antiglobulin in any case. Conditions are described whereby this variation is kept to a minimum while maintaining a maximum relative difference between the bindings by normal and rheumatoid sera. By calculating the logarithmic SD of the mean binding for a number of normal sera it is possible to express the value for any individual serum with 95% confidence as to whether it is within the normal range or not by taking normal mean + 2 SD as the upper limit of this range.
Since the binding is competitive, differences in IgG content should affect the results. Measure Munthe and Natvig (1972) have shown that the plasma cells of rheumatoid tissue contain self aggregates of IgG-RF, which do not bind aggregated IgG in the normal fashion unless the tissues are first digested with pepsin. Pope et al. (1974) have also found similar aggregates of exclusively IgG-RF in the plasma of one patient with hyperviscosity syndrome and believe the phenomenon may be more widespread. They attribute this exclusiveness to the higher association constant which would prevail for a second attachment between two molecules (Crothers and Metzger, 1972 (Normansell, 1971) , Fc* fragment would be expected to bind, or compete with IgG, equally on these aggregated RF-IGGs as on non-aggregated IgG-RF.
Should any significant fraction of the plasma RF be self-associated with high association constant one would expect to find either that the mean value of the K determined for the displacement reaction falls far below unity, whereas it was in fact approximately unity, if there is any displacement at these high K sites, or if there is not that the total concentration of RF binding sites measured is far less than expected. There is no evidence in our results of either of these, so it must be concluded that high association constant exclusively self aggregated IgG-RF is either not a common feature of rheumatoid arthritis or does not interfere with this assay. 
